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Abstract 
The paper presents a simple concept of sustainability as a just society, a healthy environment and a productive economy. Also 
it considers the major impacts on environment as illustrated by industrial pollution, increasing population and human 
aggression towards the natural biological system. Developing countries, as exemplified by the Sudanese case, can utilize 
engineering activities to generate appreciable added value to their resources, which results in welfare of people and 
community and lead to a better ecology.  
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1. Introduction: Sustainability   
1.1. Sustainability Concept and Sustainable Development  
The word "sustainability" is derived from the Latin origin "sustinere" (where tinere Ł to hold, sus Ł up) 
Dictionaries provide more than ten meanings for sustain, the main ones being to "maintain", "support" or 
"endure".  
Sustainability is the capability of being supported or maintained or kept going. A sustainable system is that 
which maintains its own viability by using techniques that allow for continual reuse. A sustainable development 
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is that which is capable of being maintained at steady state level without exhausting natural resources or causing 
severe ecological damage.  
Sustainability may be considered as the capacity to endure. For humans, sustainability is the long-term 
maintenance of responsibility, which has environmental, economic and social dimensions and encompasses the 
concept of stewardship, the responsible management of resource use.  
In ecology, sustainability describes how biological systems remain diverse and productive over time, a 
necessary precondition for the well-being of humans and other organisms. Long-lived and healthy wetlands and 
forests are examples of sustainable biological systems.  
While the terms "sustainable development" (SD) and "sustainability" are often used synonymously as 
encompassing a cause and effect relationship, neither of these terms themselves have universally agreed meaning. 
However, since the 1980s sustainability has been used more in the sense of human sustainability on planet Earth 
and this has resulted in the most widely quoted definition of sustainability and sustainable development, that of 
the Brundtland commission.   
Concept of sustainable development was defined for the first time in the World Commission on Environment 
and Development's report of the United Nations submitted by Mrs. Gro Harlem Bruntland on March 20, 1987, 
under the title of  'Our Common Future'. "The stainable development is the development which aspires to meet 
the needs of present generations and at the same time not to question abilities of the future generations to meet 
their own ones." [1]. This definition sometimes is stated as: "Sustainable development is development that meets 
the needs of the present without compromising the ability of future generations to meet their own needs"… 
Hence sustainability involves the concept of conserving an ecological balance by avoiding depletion of natural 
resources that affects the future generations. 
  
The Bruntland's definition has attained universal traction and is seen by many who recognize the current 
unsustainable nature of society as a means of achieving sustainability. For example, the Royal Academy of 
Engineering published guiding principles on energy for sustainable development in 2005, to address the problem 
that, "we are exceeding the capacity of the planet to provide many of the resources we used and to accommodate 
our emissions, while many of the planet's inhabitants cannot meet even their most basic needs' [2]. 
     Ehrenfeld defines sustainability as: "the possibility that human and other life will flourish on the planet 
forever" [3]. 
 
Â Achieving sustainability will enable earth to continue supporting human life.  
 
A universally accepted definition of sustainability remains elusive because it is expected to achieve many 
things. Earth Charter speaks of "a sustainable global society founded on respect of nature, universal human 
rights, economic justice and a culture of peace". However a general concept of sustainability is based on three 
pillars as shown in Figure 1. This Figure indicates the relationship between the three pillars of sustainability: 
Economy, Society and Environment.  
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Fig.1. The three pillars of sustainability. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Diagramatic presentation of sustainability. 
 
A more comprehensive definition of sustainable development (SD) considers "human", "environmental" and 
"economic" aspects and their interactions. SD can be defined as "solution to a problem which minimizes negative 
effects and considers the environment, people and economy".  
 
Sustainability = Economy + Ecology + Society 
 
It means a productive economy, a healthy ecology and a just society (social equity) for present and future 
generation. The three areas must be considered jointly right from now.  
 
• It is necessary to develop plans for fighting pollution and poverty at the same time.  
• Let's secure our future now! Our job is to put SD into practice. 
 
 
 
 
 
 
Society  
Environment 
Sustainability 
Just Society Healthy Environment Productive Economy 
Economy 
* Environmental integrity  * Social equity   * Economic viability 
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For sustainable development to be achieved change in behavior is required among citizens: from 
understanding and adaptation to shaping change. SD implies citizens' being actors in the world. SD calls for 
deeper and longer term structural shifts and changes in lifestyles.  
1.2  Sustainable engineering  
Within this context, the term "sustainable engineering" has a variety of meanings. For example, Dowling's 
definition of sustainable engineering includes a clear eco-efficiency focus: "Practices that promote 
environmental, social and economic sustainability through greater resource efficiency, reduced pollution and 
consideration of the wider social impacts of new technologies, processes and practices" [4]. Sustainable 
engineering literature often includes commentary regarding the importance of technological eco-efficiency 
particularly in the short term, accompanied by larger term cultural and behavioral change. A potential issue with 
approaches that are characterized by improving efficiencies, is the phenomenon known as the "rebound effect" 
whereby gains in efficiency can be negated by subsequent increases in consumption levels without the necessary 
corresponding change in mindset [5].  
 
* Technological improvements in the absence of conceptual change might thus be characterized as putting the 
cart before the hose, with similar consequences [6].  
 
2.  Major Impacts on Environment  
The major impacts on environment can be summarized in three components: pollution, population and 
aggression.  
2.1. Pollution  
No doubt engineering has spurred and led industrial revolution, and struggled hard for human prosperity. But, 
in the process it has created important classes of problems including: Human exposure to toxics in food, air, 
water and soil, rising demand for energy, depletion of non-renewable resources (petroleum, minerals, …etc.), 
ecosystem damage and impact on global climate. Human impacts on the atmosphere include the air pollution in 
cities, the pollutants including toxic chemicals like nitrogen oxides, sulfur oxides, volatile organic compounds 
and particulate matter that produce photochemical smog and acid rain, and the chlorofluorocarbons that degrade 
the ozone layer. Particulates such as sulfate aerosols in the atmosphere reduce the direct irradiance and 
reflectance (abbedo) of the Earth's surface, a phenomenon known as global dimming, the decrease is estimated to 
have been about 4% between 1960 and 1990. Global dimming may have disturbed the global water cycle by 
reducing evaporation and rainfall in some areas. It also creates a cooling effect. 
2.2. Population 
According to the United Nations population estimates and projections, the present world population is about 7 
billion in 2012, and to exceed 9 billion people by 2050. Most of the increase will be in the developing countries 
whose population is projected to rise from present value of about 5.77 billion to 7.9 billion in 2050. In contrast, 
the population of the more developed regions is expected to undergo only slight increase from 1.23 billion to 1.28 
billion, as shown in Table 1 (United Nations Department of Economic…, 2009)[7]. 
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Table 1. Estimated World Population 
 
Item 2009 2012 2050 
Developing Countries  5.60 billion 5.768 billion 7.90 billion 
Developed Countries  1.23 1.234 1.28 
Total Population 6.83 7.002 9.18 
 
Also the general trend is for higher standard of living to become less sustainable.  
 
Â Our world is transformed radically…. An ever - increasing global population continues to shift to urban areas 
and this will require widespread adoption of sustainability. Demands for energy, drinking water, clean air, 
safe waste disposal and green transportation should be considered.   
2.3. Aggression 
Aggression indicates the aggressive attitude and behavior towards the natural life and biological system: Both 
animals and plants as exemplified by wildlife and forests. Also it encompasses the exceeding and the abnormal 
exploitation of natural resources such as water, coal, petroleum, minerals. … etc.  
3. Engineering and Economics Linkage  
"Engineering" is not an abstract science, but rather is the efficient and economical application of scientific 
knowledge for the benefit of mankind. Engineering can be defined as follows:  
"Engineering is the profession in which a knowledge of the mathematical and natural sciences gained by 
study, experience, and practice is applied with judgment to develop ways to utilize economically, the materials 
and forces of nature for benefit of mankind". [8] 
 
• The word "economically" is a key word in the above definition. It implies both the best utilization of 
limited natural resources and the creation of economic utility. On the other hand, economics is a social 
science that studies the use of scarce resources to satisfy the human needs and wants.  
Since we live in a resource-constrained world, engineering must be closely associated with economy, 
which is the attainment of an objective at a cost which is low in terms of resources input. It might be 
appropriate to mention here the old dictum that, "an engineer can do for one dollar what anyone else can 
do for two". 
• Engineering does not mean simply to carry out projects, but to do so in an economical way. 
Undoubtedly it can be stated that every engineering venture, with only few exceptions, is first suggested 
by economic requirements; and the success of every engineering activity is finally judged from the 
economic standpoint. No engineering design can be valid unless it is the most economic design of 
several alternatives; thus it follows that an essential prerequisite of any successful engineering 
application is economic feasibility.  
 
In survey of chief engineers and vice presidents of 85 companies, 97% confirmed that their new engineers 
were required to make economic studies of proposed projects during their first 5 years after graduation.  
 
Â Today the success of an engineer depends upon his ability to deal with both economic and physical 
aspects of a problem.  
Engineers must operate successfully in both: The physical and economic segments of the total environment, 
as indicated by the following quotation by Eugene G. Grace:  
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"Thousand of engineers can design bridges, calculate strains and stresses, and draw up specifications for 
machines, but the great engineer is the man who can tell whether the bridge or the machine should be built at all 
and how, where it should be built, and when." [8]. 
 
Again the problem boils down to the questions of Why? When? Where? and How?  
 
Now we can conclude that: engineering and economics are closely related. Indeed, economics has become an 
essential ingredient in the modern concept of engineering. Engineers must operate successfully in both the 
physical and economic segments of the environment and they have to cope effectively with the bi-environmental 
nature of their engineering profession. Also it is appropriate here to stress the fact that any successful engineering 
project should satisfy two basic requirements:  
• To be technically sound. 
• To be economically feasible.  
 
 
     Now we may raise the critical question: If we all agree on importance of economic knowledge to engineering 
and engineers, do we give it its appropriate weight in our engineering curricula in terms of credit units?? 
 
4. Roadmap for Sustainable Development  
The World Bank recommends that countries that want to develop their knowledge-based economies should 
focus and concentrate all their efforts on four major areas [9]:  
 
• Education and Training – an educated and skilled population.  
• Information infrastructure – a dynamic information infrastructure: ranging from radio to the internet.  
• Economic incentive and institutional regime – a regulatory and economic environment that enables 
the free flow of knowledge, supports investment in Information and Communications Technology (ICT) 
and encourages entrepreneurship.  
• Innovation systems – a network of research centers, universities, think tanks, private enterprises and 
community groups that can tap into the growing stock of global knowledge, assimilate and adapt it to 
local needs, and create new knowledge. 
 
To "use knowledge for development" as the World Bank recommends, a country must ensure its people have 
the right set of knowledge, skills, competencies and values. The World Bank points to nations that have 
addressed these four points systematically and efficiently. Finland, Ireland and Korea are clear examples, where 
significant reform and investments have been made in science and technical education, and innovation system.  
As discussed before, there is a close link between engineering technologies and economic growth. The role of 
engineering education as an effective tool for ensuring sustainability and flourishing economy becomes obvious 
everywhere. As an example of developing countries, the Sudanese case will be considered in some details, where 
engineering activities can be utilized as an energetic instrument for inducing added values into Sudanese 
resources that can improve considerably the national income and result in a sustainable development.  
5. The Sudanese Case   
5.1. Sudan Resources 
Sudan is a large African country, south to Egypt, with a total area of about 1,890,000 sq.km. Sudan with this 
area, is the third largest country in the continent (after Algeria and DR Congo) and the sixteenth largest in the 
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world. It has diverse types of soil and various landscaping, with many sources of water, and varying climate from 
semi-equatorial, savanna, arid, semi-arid, and Mediterrean climate in the Red Sea coast.  
The country has relatively large population about 31 million, with density of 16.4/km2. The gross domestic 
product (GDP) is estimated as $123.363 billion total and as $3,980 per capita.  
Sudan has large resources for many minerals, oil, and gas onshore and offshore, and rich mineral resources are 
available including: asbestos, chromite, cobalt, copper, gold, granite, gypsum, iron, kaolin, lead, manganese, 
mica, nickel, silver, tin, uranium and zinc. 
 
Â All these resources invite investment.  
5.2. Concept of Added Value  
The benefit of added value in economy is not limited to added value to price of materials by transforming 
from initial raw state to finished consumable goods or inputs for production. As a matter of fact, it contributes 
considerably to socio-economic development as envisaged from the following aspects:  
 
• Increase selling price of raw materials by transforming them into finished goods  
• Create activities in economic sectors: trading, transport, commercial services, finance services, consulting 
services, … etc. 
• Create employment chances for workforce hence generating income to the community  
• Contribute to capacity building by professional and vocational training of people involved in business  
• Procure hardware and software for production, transferring technology and expertise to the country  
• Provide the state treasury with taxes, custom duties, service charge, municipal levies, …etc.  
• Contribute to social responsibility programs through Zakat, donations and participation in national 
functions and public activities.    
 
5.3. Added Value for Sudan Economy  
Optimum economic value of natural resources cannot be attained without manufacturing and processing. 
Sudan needs to produce high value goods to local and international markets from its initial materials. Processing 
of agricultural crops, fruits and vegetables, animal products together with manufacturing of mining material are 
lucrative areas for engineering activities and business development. Special attention should be given to certain 
Sudanese resources as examples of added value, such as: cotton, acacia gum and oil seeds, as discussed below.  
 
• Example of Cotton 
Dr. Tagelsir M. Abdelsalam, the ex-minister of industry in Sudan, during his speech at the Annual 
Conference for Postgraduate Studies and Scientific Research, University of Khartoum, Feb.2012, he 
illustrated the considerable added value that can be realized from processing and manufacturing a 
Sudanese resources such as cotton. He stated that:  
Assuming price of one kg of raw cotton is about 3 USD, for fine high count yarn, it is 10 USD. For 
fine finished fabrics, price rises to about 30 USD. If made as garment, the price may jump over 50 USD. 
Hence, the value of cotton can be multiplied by ten-folds through manufacturing to final consumable 
good. Based on these figures, the estimated added value from processing and manufacturing cotton are 
shown in Table 2.  
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          Table 2. Estimated Added Value for Sudanese Cotton 
 
Type Price ($/kg) 
The Gross Added value 
(Percentage) 
Raw Cotton 3.00 - 
Fine Yarn 10.00 233% 
Finished Fabrics 30.00 900% 
Garment and Dresses 50.00 1,567% 
 
 
o Moreover, textile business employs many people, activates other economic sectors, contributes fairly to 
the public treasury and helps in general public welfare. 
 
 
• Example of Acacia Gum  
 
     Sudan is the home of Acacia Senegal and Acacia Seyal gums and many other acacia gums. The 
western markets know the value of Acacia gums for long time, process and sell it to the rest of the 
world. A lot of research is done on Acacia gums and proved it as safe, useful and it is incorporated into 
many health and medical derivatives. Products of high value can be developed for health and medical 
treatment.  
     Also, there are many other medicinal and herbal plants available in diversified qualities and large 
quantities. It is expected that high economic return can be generated by manufacturing and processing 
these produces and materials.  
      Acacia gum can be processed through different stages, ranging from cleaning then crushing till the 
powdering process using air or steam drying. Considerable added value can be realized through 
processing Acacia gum as shown in Table 3.  
 
 
      Table 3. Added Value through Processing Sudanese Acacia Gum 
 
Type Price ($/kg) 
Added Value 
($/ton) Percentage 
Raw Acacia Gum 1,800 - - 
Clean Crushed 3,000 1,200 67% 
Powdered 6,000 4,200 233% 
 
 
• Example of Edible Oils  
Sudan produces several crops that can be used for producing edible oils, namely,  
 
o Sesame     
o Cotton seeds       
o Sunflower  
o Peanut                 
o Corn                  
o Soyabean   
 
Besides the main product (edible oil), several useful by-products can be obtained as residual. These by-
products can be used as stock feed or for producing other products. Sensible added value can be achieved through 
processing these crops as can be seen in Table 4.  
429 M.E. Abu-Goukh et al. /  Procedia - Social and Behavioral Sciences  102 ( 2013 )  421 – 431 
  
Table 4. Added Value through Processing Sudanese Edible Oil Seeds 
 
Crop Seeds Cost Oil Price By-Product ($/ton-oil) 
Total Revenue Added Value 
($/ton-oil) ($/ton) ($/ton-oil) (Percentage) 
Sesame  1,350 1,850 715 2,565 90% 
Peanut  1,600 2,225 650 2,875 80% 
Sunflower  897 1,441 320 1,761 96% 
Cotton seeds 867 1,266 420 1,686 94% 
 
6. Recommendations  
Sudan and other developing countries can utilize engineering activities effectively to introduce considerable 
added value to their resources. Undoubtedly this would be quite helpful in realizing an economic development. 
However, important steps and measures have to be taken to ensure the optimum yield. We are going here to focus 
on three main areas.  
6.1. Innovation and Reformation of Engineering Education  
Engineering education, in particular, plays a central role in our increasingly technology-based societies. The 
need to innovate and reform engineering education is vital and undeniable.  
The education of engineers must prepare them for the multi-disciplinary nature of the problems they will face. 
It is required to discuss the role of engineers in meeting national and global challenges. 
In many places, unfortunately, engineering colleges are teaching the wrong stuff ! [10]. Where these colleges 
are concentrated almost exclusively on equipping students with analytical (left-brain) problem-solving skills, and 
most jobs calling for these skills can now be done better and or cheaper by computers! The key-questions posed 
by the 21st century global economy to engineering educators and stake-holders is this: How can education in 
science and technology help to reduce poverty, boast socio-economic development, and take the right decisions 
for sustainable and environmental compatible development? [11].  
With this regard the following points have to be stressed:  
 
• Engineering education must be reformed so that today's students are fully prepared to address the 
complex technical, social and ethical questions raised by emerging technologies in a knowledge-based 
economy, so as to ensure realization of a well-balanced sustainable development.  
• Sustainability concept should be incorporated into engineering courses and not to create a separate 
subject. 
• Realizing the economic viability as a basic requirement for any successful engineering project, sufficient 
economic doses should be included in engineering curricula regarding the economic evaluation of 
engineering projects together with the basics of economic feasibility studies.  
• Reforming of engineering education should not be considered as a purely academic affair. Surely it is not. 
Concerned business people should be consulted in this matter, and their viewpoints should be taken into 
consideration.  
• Reforming should include teaching methodology as well. Many professionals in the field feel that there is 
mismatch between how people learn and how professors teach. It might become necessary to use an 
innovative, non-conventional teaching and learning strategies in classroom including active and 
cooperative learning which includes hands-on learning, think-tank, joint quizzes, self-evaluations, study 
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groups, and a focus on problem-solving skills instead of the usual tons of theory, this besides offering 
incentives for teamwork.  
 
Â When these are realized, the outcomes are extraordinary! 
 
6.2. Research Work Development  
Research should be properly-directed, strongly-cooperated and sufficiently-supported and funded.  
Developing countries should adopt long-term strategy for economic development and industrialization, such 
as decade strategy plan (DSP) and Quarter Millennium plan (QMP). These plans should target socio-economic 
development on basis of science and technology, and should emphasize research and development (R & D) as 
one of its main components. Since R & D in manufacturing and processing of materials realizes added value to 
the economy, concerned parties in government and community should give priority to implementation of R & D 
in production and business.  
Generally, in developing countries, there is a need for research programs run by universities and institutions to 
be directed to indigenous issues and concerns.  
       Also strong linkage and close contact and coordination between universities and research institutions with 
business and industry is necessary for mutual cooperation.  
      Funding is very crucial for research work. Unfortunately in many developing countries, almost in all Arab 
World, including Sudan, the scientific and technological research is ill-supported and poorly-funded. In Arab 
world only about 0.15-0.4% of the total national income is directed towards research compared with average 
amount between 2.0 – 3.8% in developed countries.  
      Everywhere, it could be easily noticed that economic development is directly proportional to supporting and 
funding research work.  
      Research should be financed jointly by the private sector, the public enterprises, the banking system and the 
government. There must be modalities of government to support research and to direct around 2% of the total 
national income towards that aim. 
 
6.3. Investment Policies Enhancement    
Great efforts should be done to encourage investment. The investment act and laws should be revised form 
time to time to cope with changes and challenges both locally and internationally. The investment authorities 
should coordinate with universities and research institutions for preparation investment profile and production 
studies. Studies of investment prospects and preparation of investment map are necessary for promotion of 
investment. Investment regulations should be well designed to encourage investors to transfer new technology for 
production and to create an attractive investment climate.  
 
7. Conclusion  
The present paper presents a simple concept of sustainability, sustainable development and sustainable 
engineering. Major impacts on environment are demonstrated, and we feel that this topic together with possible 
remedy for these impacts deserve further studies.  
The paper also addresses the issue of sustainable development in developing countries. It point out that 
developing countries can utilize engineering activities in education and research to introduce appreciable added 
value to their resources. Besides upgrading the income generated form these resources, the added value 
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contributes considerably to socio-economic development of those societies. However to realize these 
achievements important measures have to be taken such as: Innovation and reforming of engineering education, 
upgrading research work and improvement of investment policies to create an attractive investment environment. 
This work need to be extended further both: Qualitatively and quantitatively in terms of deeper studies of added 
value concept regarding its estimation and evaluation of its effects and fruits on one side, and to cover more cases 
and examples of experiences of developing countries on the other side. This seems to be a rewarding lucrative 
area for future research and investigation.  
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